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The production rates of hydrogen peroxide in aqueous suspensions of 2inc oxide under 
solar-simulat.ed irradiat.ion were determined in the presence of sodiuIIl formate. They 
were constant at the early stage of the production of hydrogen peroxide. The production 
rate of hydrogen peroxide was proportional to the concentration of zinc oxide below ca. 
100 mg. I-I and to the square root of it above ca. 200 mg·I- I . The apparent quantum 
yield of hydrogen peroxide production was 0.004 below 6.0 X 10-7 einsteills's- l of the 
rate of light absorption and it increased with increasing the rate of light absorpt.ion. 
Introduction 
Semiconductors such as 
etc. have been known 
zinc 
to 
oxide(ZnO), titanium dioxide(Ti0 2 ) 
show photocatalytic activity. 
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Investigations have been intensively performed in both basic 
fields and applications 
chemical photolysis of 
since Fujishima et al. reported electro-
water at a semiconductor electrode1 ). 
Carey 
using 
et al. first proposed a method 
illuminated Ti02 powder 2 ). Many 
of wastewater treatment 
studies 3- 11 ) have shown 
that ZnO and Ti02 can be used as heterogeneous photocatalysts 
for the decomposition of halogenated organic chemicals such as 
polychlorinated biphenyls, trihalogenated methane and chloro-
aromatic compounds. 
On the other hand, ZnO and Ti02 have been well known to produce 
hydrogen peroxide(H 20 2 ) photocatalytically in aqueous 
* Department of Materials Science and Engineering 
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suspensions 12,13). Recently the studies in this field have been 
revalued from the view point of the 
sunlight to storable forms of energy 
the wastewater treatment 14 ,15). 
possibili ty of converting 
and/or utilizing H20 2 in 
The obj ecti ve of the research is to determine the rate of 
photocatalytic production of H20 2 in aqueous suspensions of ZnO 
and to examine the effect of the concentration of ZnO on the 
production rate of H20 2 • 
Experimental 
Extra pure grade ZnO powder (Nacalai Chemical Co. Ltd) was used 
as photocatalyst. The average diameter of the powder was about 
1 0 ~ m as determined by LASER diffraction method (Shimadzu, SALD-
1100). Aqueous suspensions of ZnO were irradiated at 
temperature(20-25 °C) by collimated beam from a 300 W xenon 
(Ushio UXL-300D) which was surrounded by a housing. A 480 
room 
lamp 
3 
cm 
rectangular cell made of pyrex 7740 glass was used as photo-
reactor. The window thickness and the pathlength of the photo-
reactor were 0.3 cm and 4 cm, respectively. The spectral intensity 
distribution of the light impinging on the photoreactor was 
supposed to be about the same as that of sunlight on the earths' 
surface, because the light below 300 nm was sharply cut off 
through the pyrex glass window. Air was bubbled into the 
suspensions through a glass-filter at a constant flow rate of 
0.9 l· min -1 in order to maintain the concentration of dissolved 
oxygen(DO) high and to confirm complete mixing. 10 ml suspension 
was taken periodically and the concentration of H20 2 produced 
photocatalytically was determined by permanganate method (0.01 N-
KMn0 4 soln.) after filtering the suspension through 0.45 ~m 
membrane filter-paper. 
The light absorption coefficient of ZnO suspension was measured 
with UV-photometer equipped with integrating sphere(Shimadzu 
UV-240). The light intensity below 385 nm(The wavelength 
corresponds to the bandgap energy of ZnO) was measured according 
to the method of ferrioxalate actinometry16) using a glass filter 
(Toshiba L-39). 
Results and Discussion 
Photocatalytic activity of a semiconductor is based on the 
formation of an electron-hole pair upon absorption of a photon 
wi th an energy above the bandgap energy. In order to achieve 
significant yields of photoproducts, it is necessary to prevent 
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recombination of electron-hole pairs. This can be done by adding 
appropriate electron donor 
alkaline salts of them13 ). 
chosen as an electron donor 
such as lower aliphatic acids or 
In the study, sodium formate was 
and its effect on the production 
rate of H20 2 was examined. 
The results are shown in Fig.1, where Ch is the concentration 
of H20 2 produced photocatalytically in aqueous suspensions of 
ZnO, C is the concentration of sodium formate added to the 
a 
suspensions, C
z 
is the concentration of ZnO and t is irradiation 
time. The addition of sodium formate increased the production 
rate of 
1.0 x10- 1 
predicted. However, the 
did not yield more effect 
higher 
on the 
C above 
a 
production 
of H20 2 . From the results, the concentration of 
mol e l- 1 was chosen as C in the following experiments. 
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Fig.1 Effect of sodium formate concentra-
tion,C
a 
on production of H20 2 in 
aqueous suspensions of ZnO. 
C
z 
: 300 mg·l -1 
shows the effect of ZnO concentration on the production 
of The production rate 
increasing the concentration 
of 
of ZnO. Above 500 
increased with 
-1 
mg. 1 of C
z
, 
the mixing of the suspension was incomplete. In order to examine 
whether H202 produced decomposes during the irradiation or not, 
-1 the suspension of 500 mg e 1 C
z 
into which H20 2 was added 
previously was also irradiated. The initial concentration of 
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-4 -1 H20 2 , ChO was 6.0x10 mol-l . Because the H20 2 production rate 
of the suspension which contained H20 2 is as the same as that 
of the suspension which did not contain H20 2 , 
of H20 2 formed photocatalytically is supposed 
during the irradiation. The concentration of 
linearly with irradiation time at the early 
the decomposition 
to be negligible 
H20 2 , Ch increases 
stage of the H20 2 
production. Then, the production rates of H20 2 ,rh were obtained 
from the slopes of the straight lines. 
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Fig.2 Effect of ZnO concentration,C
z 
on 
production of H20 2 • 
C : 1.0x10-2 mol-1- 1 
a 
Fig.3 shows the dependence of r h on the concentration of ZnO, 
C • The production rate of hydrogen peroxide, r h is proportional 
z -1 1-,2 
to C below ca. 100 mg -1 of C and to C above ca. 200 
~1 z z 
mg -1 The dependence of r h on Cz is in accord with that of 
the photocatalytic decomposition rate of phenol 17) and that of 
steady-state concentrations of hydroxyl radical in aqueous 
suspensions of Ti02 11 ). The relation between the rate and the 
photocatalyst concentration have not been yet clarified theoreti-
cally. 
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Fig.3 Relation between the production 
rate of H20 2 ,rh and Cz . 
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Fig.4 shows the light absorption coefficient of ZnO suspension 
, 1.1
z 
for the wavelength region from 300 to 375 nm, measured both 
with and without integrating sphere. Because scattering light 
can not be detected without integrating sphere, the light 
absorption coefficients measured wi thout it are about two times 
larger than those measured with integrating sphere. 
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Fig.4 Light absorption coefficient 
of ZnO aqueous suspension. 
o with integrating sphere 
6 without integrating sphere 
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The effect of air bubbling on W
z 
was estimated. The gas hold-
up was 0.03 in this study and then the light absorption coeffi-
cient based on 
the result, it 
cient based on 
Using the 
suspensions,I
a 
the 
can 
air 
W z 
was 
I 
a 
air bubbling was less than 0.1 cm- 1 18). From 
be concluded that the light absorption coeffi-
is negligibly small compared with W
z
. 
values, the light absorption rate of the 
calculated according to the following equation. 
where 10 is the intensity of incident light below 385 nm 
-7 -1 (8.3 x 1 0 einsteins • s ) and 1 is the pathlength of the photo-
reactor. 
Fig.5 shows 
einsteins • s-1 
the relation between I 
a 
of Ia(which corresponds 
and 
to 
Below 6.0 x 1 0-7 
-1 
mg • 1 of ZnO 
concentration), r h increases linearly with increasing I a • The 
slope of the line(rh/l
a
) is the apparent quantum yield of H20 2 
production'¢h. ¢h is 0.004 below 6.0x10- 7 of Ia and it increases 
with increasing Ia above 6.0x10- 7 of Ia. 
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Fig.5 Relation between production rate 
of H20 2 ,rh and rate of light 
absorption,I
a
· 
The maximum value of ¢ h is 0.5 according to the following 
. 13 15) 
reaction mechanisms of H20 2 productlon' • 
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ZnO hv - + h+ ( 2) ~e 
-
°2 + e ~o; ( 3 ) 
0; 
+ (4 ) + H ~H02 
2H02 ----,;. H20 2 + 02 ( 5 ) 
HCO; + -+ h ~ CO2 + H+ ( 6 ) 
<Ph obtained in the study is much smaller than 0.5. The fact can 
be explained from the recombination of electron-hole pairs. 
Al though the increase in <Ph at high Ia is supposed to be due 
to the effect of high concentration of ZnO, it is necessary to 
know the local rate of light absorption in the photoreactor. 
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